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Attorney Docket No. 79995

CONTROL CIRCUITRY FOR HIGE SPEED VIDEO CAMERA OPERATION

STATEMENT OF GOVERNMENT INTEREST

'The invention described herein may be manufactured and
used by or for the Government c¢f the United States of America
for governmental purposes withcut the payment of any rovalities

thereon or therefor.

BACKGROUND C:& THE INVENTICN

(1) Field of the Invention

This Invention relates hich speed photcgraphy, and to a
Circuit fcr triggering & videc camera located between twc
sensors. More specifically, the videc camerz is triggered oy
& projectile passing through & break screen cn an underwater
range.
(2) Description c¢f the Prior Zrt

The ERdaptable High Speed “nderwater Murition (RKSUM;
proiect needed a method to obtzin video images of underwater

pro-ecti

[

ez during the course ¢f their test series. Pricr to
this time, there was no satisfzactory means cf obtaining the
vides images that were needed, nor was there a device
applicable =o a variety of conditions.

The f<llowing patents, for example, disclose various

types of video photography, including underwater phorograghy
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and circuits in connection therewith, but do not disclose a
device for controlling an underwater video camera for the
purpose of taking underwater video of a high speed projectile.

U.S. Patent No. 4,335,944 to Marshall;

U.S. Patent No. 4,418,999 to Baxter;

U.S. Patent No. 4,447,896 to Rines;

U.S. Patent No. 4,713,686 to Ozaki et al.; and

U.s. Patént No. 4,970,597 to Shepard.

Specifically, the patent to Marshall discloses
improvements in underwater elarsed time strcbe-camera
apparatus and the like involving sonar-triggering by a sonar
beam generated cc-axially with and about the camera lens axis
and, as a result cf novel circuits, size-reduction and
packaging, adaptzazility for portability, with encillary novel
feztures of automatic predeterminaticn of number of pictures
and indication thereof.

Baxter discloses a synchronizing circuit which enables a
desired phenomena to occur, such as the discharge of a flash
illuminating means at & precise point along the path of travel
of zn article irrespective of the spesd of the article in that
path. The circuit utilizes two spaced senscrs upstream of the
precise point. The sensors are operable to detect the passage
of =he article and each sensor is conrected tc respective

counrer. When sensor detects the passaye of the article it

T

starrs its respective counter crunting in one direction at cne
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parzicular counting rate. When the sezsnd sen
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prassage of the article it causes its respective counter to
count in the opposite directien from the value of the count in
the first count at a different but faster counting rate. The
circuit includes gate means which determine when the count has
returned to a predetermined count to then cause said phencomena
to occur.

The patent tc Rines is concerned with problems of energy
conservation and more effective utilization at desired
critical times only in, for example, sonar-triggered un-
derwater elapsed time strobe photography of objects c¢r scenes
or in applicaticrs having similar proklems; and acccrmplishing
such and other ends by restricting optical and sonar
monitoring to relatively low periodicity intervals until the
desired object has come within range, whereupon the arparatus
automatically changes mode to teke rarid successive strcke
photographs or other records sucplemerted by contempcranecus
scnar recording.

The patent tc Ozaki et al. discloses a high speeg,
instantanecus multi-image recorder having a video camera,
sensor unit and light projector. A frzme memory is cocnnected
tc the video camerz, a flash tube is joined to the light
prcjector, and a retarder is jcined to the sensor unit. The
flazsh tube is cornected to the retarder, and & monitor is
connected to the frame memory. The video camera, sensor unit
and light projector are directed toward a mcving object which

iz, for ezample, z golf club. When the golfer swings the
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club, the sensor unit detects the club, the light projector
flashes, and the video camera picks up the ¢olf ball and club
head at the moment of impact. Thus, the video camera catches
many instantaneous poses within a frame. Manv such images
picked up in a signal frame of the video camera are displayed
on the monitor screen for analysis.

Shepard discloses a method of imaging & high speed event.

A multiplicity of frames, or image fields, are output from a
camera which scans repeated occurrences of the event.
Selected data representing individual porticns of frames are
accumulated in essentially random order. The selected data
are used to construct & composite image of the high speed
event.

It should be understood that the presen:z inventicn would
in fact enhance the functionality of the abcve patents by
providing & contrcl device for an underwater video camera &nd
triggering the underwater video camera at the precise time
necessary for acguiring desired video frames, particularly in

a test environment.

SUMMZRY OF THE INVE!NTION

Therefcre it is an object of this invention to provide a
device for contrclling a video camera in underwater
phcrography.

A further object‘of the inventicn is tc provide a

circuitry which iz an accurate and inezpensive method to
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control a timing of operation of a video camera in underwater
high speed photoaraphy.

Yet another object of this inven:tion is to provide a
device and circuitry for controlling a timing operation of a
video camera in underwater high speed chotography which is
simple to manufacture and easy to use.

In accordance with one aspect of this invention, there is
provided a device for controlling a video camera in‘underwater
high speed pheotography. The device includes a plurality of
spaced éensors, a projectile for launch through the series of
sensors, a cameré or video camera having a shutter opened at a
predetermined timing prior to release c¢f the projectile and
clcsing at a precetermined timing subssguent to release of the
prciectile, and an illumination source for providing & lighz
source at the same time as the projectile passes in front oF

the camera. A sensor is positioned irmmediately uprange cf the

camera. A contrci circuit receives the senscr informetior and
creztes a timed signal to control the zctivation of the video
cemera.

In accordance with another aspect of this invention, the
corntrol circuitry includes a first D flip flop for receiving a
sigrnal output from a break screen upon passing of a projectile
therethrough, the first D flip flop ad<itionally having a
corztant voltage zpplied thereto and & resulting latched

outgut signal. Zrn AND gate recelves zn output signal of thne

firzr D flip flop, the AND gate additi~nally having a clock
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signal and a resulting output clock signal only when the
latched output signal from the first D flip-flop is high. An
N-bit counter receives the output clock signal from the AND
gate. The N-bit counter provides a count to delay generatioh
logic. Upon lapse of a predetermined length of time the delay
generation logic provides a delaved control signal. A second
D flip-flop receives the delayed control signal, and
additionally has & constant vocltage applied thereto and a
resulting latched output signal, wherein a rising edge of an
output generated ty the second D flip-flop identifies a
beginning of a camera activatiocn window. A second AND gate
receives the output signal of the second D fiip flop. The
second AND gate additionally receives & clecck signal. The
second AND gate cutputs a second output clock signal to a
second independent N-bit counter. 2 second delay generation
logic block receives the output of the second N-bit counter,
and outputs a seccnd delayed ccntrol signal upon lapse of &
predetermined count. A third D flip-flop receives the second
delayed control signal from the second delay generation logic,
and additionally has a constant voltage applied thereto and a
resulting latched cutput signal. A rising edge of the output
gencrated by the third U flip-flop identifies an end of the
camera activation window. An exzclusive OR gate receives
outputs from each of the second D flip-flop and the third D
flip-flop, the ezclusive OR gate producing a high pulse from

the time delayed rtrig out goes high tc rhe time second delay

N
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goes high. The cutput of the exclusive OR gate is compared
using an AND Gate with an externally generated camera clock
square wave. The camera clock signal is precvided by a
separate function generator. The freqpency of the square wave
dictates the number of pulses that will occur in the
activation window and hence the number of times the camera

will be gated. The output of the AND gate is buffered via a

_separate non-inverting buffer and then sent to the camera

trigger.
The camera is controlled by the control circuitry at the

exact moment the projectile passes the lens c¢i the camersa.

BRIEF DESCRIPTICN OF THE DRAWINGS

The appended claims particularly point cut and distinctly
claim the subject matter of this invention. The variocus
objects, advantages and novel features of this invention will
be more fully apparent from a reading of the following
detziled description in conjunction with the accompanying
drawings in which like reference numerzls refer to like parts,
and in which:

FIG. 1 is a plan view of & first preferred embodiment of
the present invention;

FIG. 2 is a diagrammatic view of the circuitry used in

the preferred embrdiment of the invention; ard
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FIG. 3 is a timing diagram of the preferred embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In general, the present invention is directed to a
control circuitry for controlling an underwater video camera
for the purpose c¢f taking underwater videc images of a high
speed projectile tested in the Adaptable High Speed Underwater
Munition (AHSUM) project. The control circuitry essentially
senses when the grojectile has passed throuch a break screen
or sensing coil and provides & trigger signel in response
thereto. The control circuitry uses this trigger to enable
its novel timing scheme to turn on the videc camera at the
exact time requiresd to acquire the video imeges.

Referring first to FIG. 1, there is shcwn a simple
diegram of the test set up including & plurzlity of sensing
devices 10 all sraced & predetermined distance D apart. These
sensing devices 17 can be either sensing coils or break
screens. Each sernsing device 10 is mcunted to a steel plate
12 having an opering formed therein fcr passage of a
prcjectile 14 thersthrough as discharged from a gun 30. The
opening may be c¢f any shape suitable fcr a clean passage of
the projectile 14, however, a circular opening was utilized in
the actual device. The steel plate 1Z is not only used as a

fastening surface for the sensing devize 10, but as &

2O
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barricade to protect the surrounding facility and personnel in
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the event the projectile 14 strays off course.
The sensing device 10 may be further constructed as a

break screen having clear plastic sheets or film 16, similar

to a transparency. A continuous resistive trace (not shown)

winds its way back and forth from one side of the film 16 to
the other and is sandwiched between two of the sheets of film
16. It is understood that alternative forms of capture mav be
used in place of the sheets of film 16, and such modifications
are intended to ke included within the scope of the inventicn.
Both ends of the resistive trace are conneczed to the input
of a contrcl circuitry described in detail in co-pending
applicaticn entitled Underwater High Sceed Projectile Break
Screen Based Speed Sensing Circuit.

Referring further to FIG. 1, thers is zdditionally shcwn
a video camera 2C‘opposed to a source ¢f il umination such as
an incandescent light 22. The video cazmera 27 may be mounted
to a base 24 if cesired. While the incandescent light 22 is
used for the purpcses of illustration, other sources of
illumination having the same or similar conszznt output may be
suitable for use In the present invention.

It 1s not pcssible to operate & standari video camera znd
capture a series ~f images of the projectile passing by at
high speed. Therefore, a high speed gzated intensified vides
camera 20 must be used to take high speed vides images. Ey

proziding the video camera with a packen of righ speed digi=al

w
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trigger pulses at the exact time the projectile 14 is passing
allows the user to automatically gate the video camera 20 and
gather multiple images of the projectile 14. The number of
pulses included in the pulse packet dictates the number of
images taken by the camera 20. The control circuitry 25 is
activated when the projectile 14 passes through the break
screen or voltage sense coil 10 located immediately uprange
from the camera ecuipment 20.

The control.circuitry 25 joined tc the camera 20 is
activated when the projectile passes through the break screen
6r voltage sensinc coil 10 located immediatelyv up-range of the
camera equipment 20. A time delay must be incorporated to
comzensate for the time required for the projectile to rezch
the camera equipment after passing thrcugh the break scresn or
volzage sense coil.

FIG. 2 and FIZ. 3 describe the ccntrol circuitry 235 that
receives the break screen or coil voltzge trigger information
and then creates the appropriate timed trigger signel to
corrzrol the underwaster camera 20. The contrcl circuitry 2S5
receives the input trigger information either as an open
circuit from the btreak screen 10 or as z voltzge spike from a
sensing coil which detects the presence of & magnetic
prciectile 14 passing through it. This signal is sent tc an
input voltage compzrator 26 that outpu=z a logical high pulse
(5 7olts). This pulse is sent to the input of a timing

clrzuitry which mzy be programmed in a programmable array

10
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loaic (PAL) dévice. Referring now in detail to FIG. 2, the
circultry programmed in the PAL 1s shown therein. All
discrete logic labels are used in the description strictly for
explanation purposes. The signal and component labels match
those appearing in the figures. The waveforms produced by the
control circuitry 25 in order to properly control the high
spead video camera 20 are depicted in FIG. 3.

The voltage comparator signal is sent to the clock input
of a first D-flip-flop 32 that 1is programmed internally in the
PAL. The D-input of the first flip-flcp 32 is permanently
corrected to a logical high source (5 Volts). The first flip-
floz 32 provides & latched logical high signeal when &
prciectile passes through the sensor 1. Flip flop 32
prevents output changes in the event of fluctuations at the
comcarator output. The output cf the first flip-flcop 32 1is
labeled as TRIGGER_IN_ LATCHED.

This signal of TRIGGER_IN LATCHED is sent to a first AND
gate labeled 34. The cther input of the AND gate 34 is & 1
MHz square wave generated by a quartz crystal based oscillator
35 and is labeled CRYSTAL IN. Oscillator 35 preferably
prcvides a 1MHz clock signal.

The main purpcse of oscillator 35 is toc provide a stakble
clezk to the counters programmed in the PAL. This ZND gate 34

act

n

as a switch which is activated, allowing the clock signal

1

[V

through, only when the TPIGGER IN LATCHED signal is a logic

ms

higr.. The cutput ~f the first LID gate 24 is sent tc the

N
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clock input of a first N-Bit Counter 36. The size in bits (N)
of the counter 3¢ depends on the sum of: 1) the lenath of time
delay required between the initial triggerincg of the control
circuitry by the sensor 10 and the time the first image 1is
desired; and 2) the length time the camera 2¢ is to acquire
images.

The output cf the N-Bit Counter 36 ié sent to & first
delay generation logic section 38. The first delay generation
logic section 38 contains logic that utilizes one of ten user
defined/jumper selectable preprogrammed delev times. The
delay time selected is actually the number of counter
transitions that must occur before allowing the outrut of this
logic section to become & high logic state. The counter 3§
starts at zero and will conly stert incrementing once the
oscillator clock signal is enabled via the first AND gate 4.
Once the N-Bit Counter 3£ reaches the time delay value
selected by the user, a high pulse is output from the first
delay generation logic 22 and fed into the clcck input of z
second D flip-flop 40.

Once &again the D-input of the flip-flop 40 is permanently
conrected to a lcgical high source. Therefcre, the rising
edge of the first delay generation logic outpuz will
permanently latch an output sigrnal of the sezond flip-flop 40
higrn. The latched signal is labeled DELAYED TRIG OUT. The

rizing edyes of DELEYED TFIG OUT signifies the neginning of the

12
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camera activation window. The next step in the control
circultry is to create an additional delay signal.

The DELAYED TRIG OUT signal is input tc a second two-
input AND gate 4Z. The other input of the AND gate 42 is a
clock signal from oscillator 35. The output of the AND gate
42 is sent to the clock input of a second N-Bit Counter 44.
The size in bits (N) of the second N-Bit Counter 44 depends
upon the maximum possible length of the activation window
required by the video camera 22. The N-Bit ocutput of this
counter 44 is output to a second deléy generation logic’block
46. This section contains logic that utilizes user selec:zable
preprogrammed delay times. The delay time selected is
actually the number of ccunter transitions that must occur
before allowing the outrvut of this logic section 46 to
generate a logicel high signal. The ccunter 44 starts at zero

and will only start incrementing once the inzut clock is

0

engbled via the sscond END gate 42.

Once the N-Eit Counter 44 reaches the time delay value
selected by the user, a high pulse is cutput from the delay
logic 46 and fed into the clock input cof a third D-flip-flicp
48. Once again the D-input of the flip-flor 48 is permanently
connected tc a lcgical high source. Therefcre, this rising
edge will latch the output of the flip-flop 4% to a high
signal. The latched sigral is labeled SECOND DELAY. The
rising edge of the SECOND DELAY signifies the end of the

camera activatior. window.
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Each of the DELAYED TRIG OUT and SECOND DELAY are fed to
the two inputs of an exclusive-OR gate 50 which produces a
high pulse activation window) which is high from the time the
DELAYED_TRIG_OUT goes high to the time the SECOND_DELAY goes
high. The exclusive OR output 1s provided to a third AND gate

52 with an externally generated square wave signal from a

'second function generator 51. The frequency of the square

wave signal dictates the number of pulses that will occur in
the activation window and hence the number of times the camera
will be gated. Typically, it is desirable to capture three to
ten frames during passage of the projectile. The output
signel, labeled WINDOW OF PULSES, is buffered via a separate
ncn-inverting buffer 53 whose open collector is pulled up to a
logical high and then sent to the camera trigger.

When programmed correctly, the video camera 20 will ke
enacled by the activation windcw at the exact moment the
prciectile 14 passes the lens of the video camera 20.

The above circuitry provides an accurate and inexpensive
metrod to cecntrol an underwater video camerz 20 for high speed
phctographic imaging purposes. The circuitry is programmable
which provides flexibility and greatly minimizes the need for
circuit modifications as test requirements and conditions
(i.2., projectile speed) vary.

Finally, it is anticipated that the invention herein will
have far reaching applications other than thcze of underwater

proiectile resting projects.

14
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This invention has been disclosed in terms of certain
embodiments. It will be apparent that many modifications can
be made tc the disclosed apparatus without departing from the
invention. Therefore, it is the intent
to cover all such variations and modifications as come within

the true spirit and scope of this invention.
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Attorney Docket No. 79995

CONTROL CIRCUITRY FOR HIGH SPEED VIDEO CAMERA OFERATION

ABSTRACT OF THE DISCLOSURE

A device for controlling a video camera in underwater
hich speed photography in a first aspect includes a plurality
of spaced break screen or sense coil members, a projectile for
launch through the series of break screen or sense coil
memcers, & video camera operated to video at & predetermined
timing.upon release of the projectile, and & source of
illumination to aid in the videc photogrephy. A trigger
device such as a break screen cr sense coill 1s positioned
immediately up-range of the video camera. With & time delay
prccrammed into & Progremmable Zrray Lcgic (PREL), & control
circuitry receives the trigger informetion end creztes a timed
signal to cocntrol the operaticn of the video camera. In
accordance with another aspect c¢f this invention, the contrcl
circuitry includes discrete logic devices programmed such that
gating of the video camera is ccntrolled by the control
circuitry zt the time the projectile passes the lens of the

camera.
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